INTRODUCTION
At high altitude the affinity of hemoglobin for oxygen is decreased to make hemoglobin-bound oxygen more available to body tissues (1) . There is little information on the manner in which this effect is accomplished. Recently Benesch and Benesch (2), Benesch, Benesch, and Yu (3) , and Chanutin and Curnish (4) demonstrated that the affinity of a hemoglobin solution for oxygen may be decreased by its interaction with organic phosphates, particularly 2,3-diphosphoglycerate (2,3-DPG) (5) . Since this compound is a major component of red cell organic phasphate, it may play an important role in controlling the equilibrium of oxygen with hemoglobin in vivo. The presReceived for publication 10 July 1968. changes of the oxygen dissociation curve as an early adaptive mechanism to changes in environmental oxygen partial pressure, and to determine the relationship between oxygen dissociation and red cell organic phosphate concentration in subjects moved from one altitude to another. ing the factor A log PoJA pH = -0.48 (7) . All the results given in this paper are expressed as the oxygen tension in millimeters of mercury required to obtain an oxygen saturation of 50% at 37'C and pH 7.4 [P50 (7.4) ]. This POD was also determined in hemolysates prepared by the addition of saponin prior to equilibration.
METHODS
The Po2 and pH were measured using a Beckman 160 gas analyzer equipped with a Beckman macro Po2 electrode (Beckman Instruments, Inc., Fullerton, Calif.) mounted in a microcuvette (0.03 ml) and a micro pH assembly.
Organic phosphates. 4 ml of blood were pipetted into centrifuge tubes, and the cells were washed three times with cold saline. The white cells were not removed with the supernatant since it was established that white cells contain only about 3% of the 2,3-DPG in normal blood. The acid-soluble phosphates in packed cells were extracted and separated according to the method of Robinson, Loder, and deGruchy (8) . The method was modified so that four fractions were collected. These fractions contained the following compounds: The fractions were analyzed for total phosphate content using the method of Bartlett (9) . Using this technique we were able to recover 85-90% of 2,3-DPG or ATP added to a hemolysate before extraction. The range of values for 2,3-DPG and ATP in 12 normal subjects residing in Seattle was for 2,3-DPG, 186-309 ,AgP/ml packed cells (mean 229, SD 34) ; and for ATP, 71-100 ,ugP/ml packed cells (mean 80, SD 7.6). These values are similar to those reported by Robinson et al. (8) .
RESULTS
Group I. The P50 sea level value of 26.6 mm Hg (SD ±0.3) of the first group increased to 28.6 +0.6 within 12 hr after ascent to Morococha and to 31.0 +0.4 at 36 hr. This increase was sustained during the 5 days at high altitude but fell after descent and was found to be 27.3 ±0.7 by 60 hr (Fig. 1) .
The mean concentration of 2,3-DPG at sea level was 90 ±11 jug phosphorus/ml of blood. This increased to 142 ±8 at 36 hr after moving to high altitudes; at 132 hr it was 140 ±+10. After return to sea level this value fell to 87 ±+13.
Group II. Natives of Morococha had a P50 of 30.7 ±0.6 mm Hg and a 2,3-DPG concentration of 155 ±14 Jug phosphorus/ml of blood. On descent to sea level the Po2 decreased to 28.6 +0.5 mm Hg of 12 hr and to 27.3 ±0.8 at 36 hr. The corresponding level of 2,3-DPG at 36 hr was 109 ±13. The final measurements made 84 hr after descent showed a Po2 of 28.3 +0.6 and a 2,3-DPG level of 87 ±+14. These changes are shown in Fig. 2 .
Changes in the same direction occurred in the ATP content of the red cell, but proportionately to 2,3-DPG, these amounted to only 1/10 in group I and 1/3 in group II. Changes in the phosphate content of fractions 1 and 2 were negligible. In both groups the P50 of hemolyzed blood was parallel to, but much lower than changes in whole blood (Tables I and II) .
The mean reticulocyte count of subjects in group I was less than 2% during the first 2 days at high altitude and less than 5% during the 1st week.' Thus the changes observed could not be ascribed to any significant ingress of young erythrocytes. (11) (12) (13) (14) . Likewise, blood transfused after storage shows a return to normal of both oxygen dissociation (2) and organic phosphate (4) in vivo. In anemic states oxygen dissociation curves shift to the right (5-7) and in at least one type of anemia the organic phosphate has been reported as increased (8) .
Benesch and Benesch (9) have suggested a sequence of events to account for the increase in 2,3-DPG in the anoxic state. Since organic phosphate reacts only with reduced hemoglobin, the greater the anoxia the greater the amount of reduced hemoglobin present and the larger the amount of 2,3-DPG bound. This binding depletes the soluble organic phosphate in the cell, and glycolysis is stimulated to produce more 2,3-DPG. Increased glycolysis and organic phosphate production has been shown to occur in vitro in deoxygenated blood (20) . Such a mechanism would automatically control the balance between oxyhemoglobin and deoxyhemoglobin and thus would counteract the effects of an increase in reduced hemoglobin.
Although an increase in pH has been found to cause an increase in 2,3-DPG (21), the changes in 2,3-DPG observed in our two groups of subjects cannot be accounted for by the acid-base status usually observed in subjects going to altitude or in natives before and after descent to sea level.
While it is a common finding that alkalosis develops rapidly and persists in lowlanders subjected to altitude hypoxia, it is also recognized that natives of the highland differ by maintaining a normal pH (22, 23) . Therefore, the increase in 2,3-DPG in lowlanders and the prevailing high level of organic phosphate in natives cannot be ascribed to the pH. Furthermore, as natives do not become acidotic upon descending to sea level, their decrease in 2,3-DPG cannot be explained by such a mechanism.
